Most tumors of patients with Lynch syndrome and a fraction of sporadic colorectal cancers (CRCs) exhibit high levels of microsatellite instability (MSI) at mono-and dinucleotide repeat loci. A different type of instability, elevated microsatellite alterations at selected tetranucleotide repeats (EMAST) has been found in non-colonic cancers. Our previous study demonstrated that EMAST is common in sporadic CRC. Here, we focused on the relationships between EMAST and other genomic instability parameters or clinicopathological features in an unselected series of 88 sporadic CRCs. Of the tumors in the sample, 4 (4.5%) were MSI-high (MSI-H), 9 (10.2%) were MSI-low (MSI-L) and 75 (85.2%) were microsatellite stable. EMAST status was determined using 7 EMAST markers. Fifty-three (60.2%) tumors without MSI-H showed instability at ≥1 EMAST loci. All 4 MSI-H tumors showed instability at several EMAST loci. Instability profiles of MSI-H tumors at EMAST loci were more complex than those of non-MSI-H tumors. A tendency of positive association was observed between MSI-L and EMAST (P=0.023). The frequency of loss of heterozygosity (LOH) for the 14 loci in EMAST-positive tumors was significantly higher than negative tumors (P=0.048). Among the clinicopathological parameters, only tumor location at the distal colon was associated with EMAST-negative tumors (P=0.0084, onetailed). A relatively higher frequency of well-differentiated adenocarcinomas was observed in EMAST tumors as opposed to non-EMAST tumors, though the survival rate was similar. These results suggest that overlapping mechanisms that cause MSI-L, EMAST and LOH in CRCs may exist.
Introduction
Microsatellite instability (MSI) is a hallmark of mismatch repair deficiency. A high degree of MSI (MSI-H) is found in tumors of patients with Lynch syndrome and in a fraction of sporadic CRCs (1) (2) (3) . Susceptibility to CRC in the majority of Lynch syndrome patients results from the germline mutation in one of the MMR genes, hMSH2 or hMLH1 (4) . A somatic inactivation of hMSH2 or hMLH1 in a tumor progenitor cell disables DNA mismatch repair and causes genetic instability. A panel of 5 markers recommended by the National Cancer Institute (NCI) (Bethesda) guidelines has been widely used to efficiently detect CRCs with MMR-deficiency (3). MSI-H, defined as having instability in ≥2 loci (≥2/5 or ≥30% when >5 markers were used), is well associated with inactivation of hMSH2 or hMLH1. Around 15% of sporadic CRC exhibit MSI-H due to silencing of the hMLH1 locus by promoter hypermethylation (5) . The rest of CRCs (non-MSI-H) exhibits low levels of MSI (MSI-L) or microsatellite-stable (MSS). Some MSI-L CRCs can be explained by loss of hMSH6 (6) . However, the molecular basis and biological significance of a majority of MSI-L are not known.
A distinct form of MSI was observed in several types of cancers and designated as EMAST for 'elevated microsatellite alterations at selected tetranucleotide repeats' (7) . Though instability at tetranucleotide repeat loci is observed either independently or in combination with instability at monoand dinucleotide repeat loci, the term EMAST indicates a phenomenon independent of MSI-H. EMAST has been reported with varying frequency in a variety of cancers including non-small cell lung cancer (NSCLC) (7, 8) , cancers of the head and neck (8) , bladder (8) (9) (10) , kidney (8) , nonmelanoma skin (9) , prostate (11) and serous ovarian (12) . However, the incidence of EMAST and its biological significance in CRC are not clear. In our previous study mainly using a CRC cohort collected from the US population, we demonstrated that EMAST is common in sporadic CRC and EMAST and MSI-L associated with EMAST are due to deficiency in MSH3 in cell lines (13) . Furthermore, EMAST and MSI-L are significantly associated with down-regulation of MSH3 in CRC tissues. In this study, we expanded our sample using CRC from a Japanese population to determine whether EMAST is common in another genetic background and to identify the molecular and clinicopathological parameters associated with EMAST.
Materials and methods
DNA samples. Genomic DNA was extracted from the paired fresh-frozen tumor and normal mucosa of 88 Japanese patients with sporadic CRC at the Department of Surgery, Toho University Ohmori Hospital from 1993 to 2001 using a phenolchloroform method with proteinase K digestion (14) . The tumors, 87 primary and 1 recurrent, were classified by the Amsterdam criteria for hereditary non-polyposis colorectal cancer (HNPCC) (15, 16) . Clinicopathological data of patients were collected from medical records using the Japanese classification of colorectal carcinoma (17) . The patients constituted an unselected population for any clinicopathological feature, personal or familial history of cancer, or genetic feature. DNA from 61 patients with 59 primary and 2 recurrent CRCs in another cohort was used for further study of the relationship between MSI-L and EMAST. For DNA samples used here informed consent was obtained from the patients.
MSI, EMAST and LOH analyses.
The 17 sets of primers used and details such as the reference for sequences are shown in Table I (2, 8, 18, 19) . Polymerase chain reaction (PCR) was performed as described previously for the TP53Alu marker (20) with the following modifications: 10 mM Tris-HCl (pH 8.3); 0.625 U Taq DNA polymerase; and 25 ng of genomic DNA in a total volume of 25 μl and 30 thermal cycles. For BAT25, D2S123 and D17S250, the N,N,N',N'-tetramethyl-6-carboxyrhodamine (TAMURA)-labeled forwardprimer was used instead of the HEX-labeled one. For the TBP and CSF1R markers, 0.1 and 0.3 μM each primer were used to improve the specificity of amplification.
The two-fluorescein method was performed as described previously (20) . Briefly, the PCR product derived from tumor DNA using the 6-FAM-labeled forward-primer was mixed with that derived from normal DNA using the HEX-or TAMURA-labeled forward-primer (typically 1:3, v/v). The mixed PCR products were analyzed in the presence of the GeneScan 400HD ROX Size Standard on the ABI PRISM 373S DNA Sequencer (Applied Biosystems, Foster City, CA) with the 672 GeneScan Analysis Software or on the Applied Biosystems 3130xl Genetic analyzer with the GeneMapper Software as recommended by the manufacturer. When any aberrant peak(s) was seen in the electropherogram of tumor DNA as compared to that of the paired normal DNA, the locus was counted as exhibiting instability. For each locus with instability resulting in the status of MSI-L, PCR was repeated to confirm the result, because such instability was generally subtle. When the relative intensity of one allele in tumor DNA showed at least a 50% reduction as compared to the paired normal DNA, the locus was counted as exhibiting LOH. The locus with instability was excluded from the evaluation of LOH; in other words, such locus was counted as 'not informative' due to the presence of instability irrespective of the extent.
The MSI status of a tumor was determined using 7 markers including 5 markers from the reference panel (BAT25, BAT26, D2S123, D5S346 and D17S250) and 2 alternatives (D18S64 and D18S69) as outlined in the NCI (Bethesda) guidelines (3) and classified by the number of loci showing instability: ≥3/7, MSI-H; 1/7 or 2/7, MSI-L; and 0/7, microsatellite stable (MSS).
Seven EMAST markers consisting of 6 (AAAG) n -repeat types and one (ATAG) n -repeat type were used (Table I) . Six markers (L17686, UT5320, D9S242, D11S488, D20S82 and CSF1R) were selected for their high frequencies of instability among 61 tetranucleotide repeat markers in NSCLC (8) . MYCL1 is an (AAAG) n -repeat type marker used in upper urinary tract tumors (10) . Concomitant tumors with the MSI-H phenotype were excluded from the EMAST classification.
LOH was determined for 14 loci using the 15 markers (D2S123, D5S346, D17S250, D18S64, D18S69, D7S1794,  TBP, MYCL1, L17686, UT5320, D9S242, D11S488, D20S82 , CSF1R and TP53Alu) ( Table I) . Of these, 4 markers are located in the vicinity of genes responsible for carcinogenesis: D5S346 near the adenomatous polyposis coli (APC) gene locus (5q21-22); TP53Alu in the p53 gene locus (17p13.1); and D18S69 and D18S64, of which region includes the DCC, SMAD2 and SMAD4 genes (18q21). The 18q21 region spanning D18S69 to D18S64 was regarded as one locus. The incidence of LOH in each population of tumors, designated as the 'LOH frequency', was calculated as follows: the number of loci showing LOH was divided by the number of informative loci. The frequency of LOH within each tumor, i.e. the 'fractional allelic loss (FAL)' value (21), was calculated for each tumor in the same manner as the LOH frequency. Since CRCs without the MSI-H phenotype lose an average of at least 25% of randomly chosen alleles (22) , the FAL value was classified as follows: >0.25, FAL-high (H); >0 to ≤0.25, FAL-low (L); and 0, FAL-zero.
Statistical analysis. Analyses including calculations of standard deviations (SD), F tests, t tests and ¯2 tests (for 2 x k contingency tables) were performed using the computer program Microsoft Excel X (Microsoft, Redmond, WA). Fisher's exact probability tests (for all 2x2 contingency tables) were performed with the computer program that was created and posted on the website (http://www.langsrud.com/ fisher.htm) by Dr Øyvind Langsrud. The survival curves from the operation date for the primary tumor were estimated by using the Kaplan Meier method and compared by the log-rank tests. These analyses were performed with the Ekuseru-Toukei 2008 (Excel-Statistics 2008; Social Survey Research Information Co., Ltd., Tokyo). When n of each group was >50, P<0.05 was considered significant; and P<0.01 was taken for the case that n of each group was ≤50. All P-values were two-tailed unless otherwise stated.
Results and Discussion
EMAST in sporadic CRC. To determine whether EMAST exists in sporadic CRC in the Japanese population and to determine its relationship to MSI defined by markers with mono-and dinucleotide repeats, the MSI status of 88 tumors collected at Toho University Ohmori Hospital was first examined using 7 markers including 5 consensus MSI markers recommended by the NCI (Bethesda) guidelines (3). The results showed that the number of tumors showing MSI-H, MSI-L and MSS were 4 (4.5%), 9 (10.2%) and 75 (85.2%), respectively (Tables II, III and IV) . These tumors were successively analyzed for instability at the 7 EMAST loci. The tetranucleotide instability was detected in 57 (64.8%) tumors. This includes all 4 MSI-H, 9 of the MSI-L tumors and 44 of the MSS tumors (Table II) .
All of the MSI-H tumors showed instability at ≥2 EMAST loci (Tables III, IV and V) . Typical profiles found in MSI-H cases are shown in Fig. 1 . Deletions of multiple 4-bp repeat units were observed in a majority of MSI-H cases (Fig. 1A) , whereas non-MSI-H cases typically showed a single insertion of one 4-bp repeat unit (Figs. 1B-D Table I . Characteristics of the locus markers. 
a Based on previous studies (2, 8, 18, 19) . The databases as follows: the GDB Human Genome Database at http://www.gdb.org; and the Entrez databases such as Nucleotide, SNP and UniSTS in the National Center for Biotechnology Information (NCBI) at http://www.ncbi. nlm.nih.gov.
b Determined in the normal DNA of 88 Japanese patients with sporadic colorectal cancer. c The primer set consisting of AFM212xg5a and AFM212xg5m was used.
d MYCL1 also contains an (A) 8 mononucleotide repeat-tract. e D11S488 also contains (AAGG) n repeats.
- Table II . EMAST status of 84 CRCs with MSI-L or MSS. 
a Percentages are shown in parentheses.
b The P-value between MSI-L and MSS for EMAST-positive vs. negative was 0.023. Table III . Frequency of instability detected at each locus containing mono-, di-, tri-, tetra-and pentanucleotide repeats.
- 
Calculated by dividing the number of unstable loci in the MSI-L population by that in the MSI-L and MSS population. Percentages are shown in parentheses.
-
generation of 3 or 4 new alleles within a given locus. Of the 41 new alleles, 23 (56.1%) exhibited insertion or deletion of a single repeat unit whereas the rest (43.9%) exhibited insertion or deletion of >1 repeat unit (Table V) . Most alterations (74.3%) were a deletion of repeats (Table V) .
However, 53 non-MSI-H tumors exhibited 82 altered EMAST loci. Instability profiles of EMAST tumors at 1 locus, 2 loci, or ≥3 loci were similar each other (Fig. 1) . A large percentage of these alterations (84.1%) involved generation of a single new allele (Table V) . In contrast to MSI-H tumors, no non-MSI-H Table IV . Patterns of microsatellite instability and fractional allelic loss in CRCs with MSI-H, MSI-L and/or EMAST (≥2/7). -
tumors exhibited altered EMAST loci with ≥3 new alleles. Furthermore, most of the new alleles (91.6%) exhibited insertions or deletions of a single repeat unit. The difference in instability profiles at EMAST loci between MSI-H and non-MSI-H tumors was statistically significant (P<0.01) ( Table V) . These results suggest that there may be a continuous presence of a mutator phenotype in MSI-H tumors which results in multiple alterations in a given EMAST locus. Of the 4 MSI-H cases, 3 showed altered hMSH2 or hMLH1 expression. One MSI-H tumor (CR079) was found to carry a germline mutation (G40S) in the hMSH2 gene and its tumor had additional somatic mutations, G203R and 697delA in the (A) 7 tract in the hMSH2 gene (20) . A second (CR051) showed reduced hMSH2 protein expression (our unpublished results). The third (CR023) showed loss of hMLH1 protein expression (23) due to hypermethylation. In the remaining one case (CR055), the molecular bases for MSI-H has not been determined. In contrast to MSI-H cases, a large portion of EMAST found in non-MSI-H may be the result of a single event which may occur in a progenitor tumor cell before its expansion or may be due to lower levels of mutator phenotype exhibited by these tumors.
Because all MSI-L tumors (19 cases) detected in a previous study (13) and all 9 MSI-L cases in this study exhibited EMAST, it seemed that MSI-L tumors may be EMAST. To test this hypothesis, we examined 9 additional MSI-L tumors from another cohort, consisting of 61 CRCs, for EMAST. The results showed that 5 out of 9 tumors did not show instability at any of 7 EMAST loci (Table VI), suggesting that MSI-L tumors may not always exhibit EMAST. Our previous study demonstrated that MSH3-deficiency induces very low levels of instability at (CA) n loci and high levels of instability at (AAAG) n loci in tissue cultured cell lines (13) . These results suggested that EMAST associated with MSI-L in CRC tissues may be due to MSH3-deficiency (13) . In fact, it was found that down-regulation of MSH3 protein was associated with MSI-L/ EMAST in CRC tissues (13) . Our present study identified MSI-L tumor without EMAST, suggesting that another mechanism may exist for MSI-L. For example, 1 MSI-L tumor showed instability at only mononucleotide repeat locus 
Table V. Comparison of instability patterns at tetranucleotide-repeat loci between EMAST and MSI-H tumors. -------------------------------------------------MSI-H EMAST P-value -------------------------------------------------

) -------------------------------------------------a Percentages are shown in parentheses.
b Unstable alleles with ≥2 repeat-unit alterations from both original alleles were classified as multiple.
c Determined for all unstable alleles, except for unclear cases and cases where the altered alleles were inside of two original alleles with two or three repeat-unit difference.
(BAT25) but not at the dinucleotide locus tested (Table VI) , whereas MSI at mononucleotide locus was never found in MSH3-deficient cells (13) .
In contrast to our results, a previous study by Samowitz et al reported that the frequency of tetranucleotide instability without concomitant MSI-H in CRC was very low (1.3%) (24) . They analyzed 457 CRC cases for instability using a panel of 10 markers with tetranucleotide repeats including 5 AAAG repeat markers and 5 non-AAAG markers (25) . The discrepancy between the data of Samowitz et al and the present study could be explained by the differing criteria by which MSI-positive tumors were defined and difference in the markers used. Samowitz et al (24) used more stringent criteria for defining MSI-positive tumors. They defined tumors as MSI-positive when ≥3 of 10 tetranucleotide repeats were unstable (24), whereas we defined a tumor as EMAST when it showed instability at ≥1 markers among 7 markers. In addition, the 10 tetranucleotide repeat markers used by Samowitz et al may not have been sensitive enough to detect EMAST whereas the markers used in this study were proved to be sensitive in detecting EMAST in non-CRC cancers (8, 10) . Using our criteria for EMAST tumors and the chosen EMAST markers, we were able to show that EMAST is a common event in sporadic CRC and that some but not all MSI-L tumors are associated with EMAST. (Tables III and IV) , indicating that the severity of instability at the NCI markers, especially dinucleotide repeat types, is associated with the severity of tetranucleotide instability. The same results were obtained in our previous study in the US population (13) . As shown here and in our previous study, loss of MSH2 or MLH1 is associated with high levels of instability at the EMAST loci and down-regulation of MSH3 is associated with low levels of MSI at the EMAST loci. These results suggest that EMAST markers should be added to NCI markers for categorization of CRCs. The assay using EMAST markers may predict not only the status of hMSH2 and hMLH1 but also that of hMSH3. In order to increase the probability of detecting EMAST tumors, it is important to use sensitive markers. In our previous study, a high frequency of EMAST (~60% of sporadic CRC) was detected using a set of 7 EMAST markers including the MYCL1, D20S82, D20S85, L17835, D8S321, D9S242 and D19S394 loci (13) . All these markers mutated at frequency of between 14 and 30% in the US cohort. In this study, we used MYCL1 (10) and the 6 EMAST markers (L17686, UT5320, D9S242, D11S488, D20S82 and CSF1R) which have been tested for their high detection frequency in NSCLC (8) . Using these markers, we detected EMAST tumors in 60.2% (53/88) of Japanese sporadic CRC. Three markers, L17686, D20S82 and UT5320, showed relatively higher frequency (19-24%) in the non-MSI-H population. MYCL1 and CSF1R exhibited the lowest frequency (5/84, 6.0%), but a high frequency in tumors showing instability at ≥2 EMAST loci. For further investigation we propose to use a panel of 10 EMAST markers to detect EMAST in sporadic CRCs. These markers will include L17686, UT5320, D9S242, D11S488, D20S82, MYCL1, D20S85, L17835, D8S321 and D19S394. Categorization of CRC by a combination of EMAST-based MSI assays using the panel of EMAST markers proposed here and immunohistochemical staining of CRC tissues with anti-MSH2, anti-MLH1 and anti-MSH3 antibodies may be useful for diagnostic and prognostic purposes.
EMAST status, LOH frequency and MSI at trinucleotide repeats. The majority of CRCs exhibits a chromosomal instability (CIN) phenotype identified by the LOH status (26) . In addition, the presence of sporadic colorectal tumors exhibiting both MSI-H and LOH has been reported, indicating that the two types of genomic instability are not always mutually exclusive (27) . During the course of this study, we scored each of 88 tumors for LOH at the microsatellite loci. We then determined whether any association exists between Table VI . Patterns of microsatellite instability and fractional allelic loss in CRCs with MSI-L from another cohort. --------------------------------------------------------------------------------------------------- 
Abbreviations used are the same as in Table IV. a A recurrent tumor (see Table IV for the primary tumor). b Clear and reproducible instability.
EMAST and LOH. LOH was found in 72 (81.8%) tumors including 2 MSI-H cases with the average frequency of 0.25 (Table VII) . The percentage of EMAST-positive tumors showing LOH (48/53, 90.6%) was higher than that of EMASTnegative tumor (22/31, 71.0%), though there was no significant difference (P=0.032). The frequency of LOH events in EMAST tumors (136/490; 0.28) was significantly higher than in EMAST-negative tumors (70/326; 0.21; P=0.048). These results suggest that EMAST may share the same molecular basis for LOH. Although association of EMAST and mutation in the p53 gene has been demonstrated in NSCLC and bladder carcinomas (7, 9) , there was no significant association between EMAST and LOH at the p53 locus in our samples (Table VII) . However, our preliminary data indicated that the somatic p53 mutation was weakly correlated with EMAST positivity (unpublished results).
In ovarian cancers, MSI in loci containing trinucleotide repeats has been associated with loss of MSH3 (28) . Our previous study demonstrated that loss of MSH3 causes EMAST and low levels of instability at the loci with (CA) n repeats (13) . These results suggest that EMAST tumors may also frequently exhibit MSI at the loci with trinucleotide repeats. To determine whether this is the case, we analyzed our samples for MSI at the D7S1794 locus containing an (AAG) n repeat and at the TBP locus containing a (CAG) n repeat. The results showed that all 4 MSI-H, 1 MSI-L and 8 MSS tumors exhibited instability at the D7S1794 locus. Importantly, 77.8% (7/9) of non-MSI-H tumors exhibiting MSI at this locus were EMAST-positive, though this is not statistically significant (P=0.47). The frequency of MSI at the TBP locus was low. The reason for the difference in MSI frequency between D7S1794 and TBP is not clear.
Correlation between the EMAST status and clinicopathological features.
Clinicopathological features of patients were classified according to the EMAST status (Table VIII) . -
EMAST-positive tumors were found at both distal (~70%) and proximal (~30%) sites. Most EMAST-negative tumors (29/31; 93.5%) located at distal sites and the significant association was found between EMAST-positive and negative tumors for tumor location (P=0.0084, one-tailed). EMASTnegative tumors were rarely found in proximal sites. The results predict that a majority of non-MSI-H tumors located at proximal colon may exhibit EMAST. There was no significant correlation between EMAST status and other clinicopathological parameters such as age, gender, histological type, stage, Dukes' stage or 5-year survival rate (P>0.01). A relatively higher frequency of well-differentiated adenocarcinomas was observed in EMAST-positive tumors as opposed to negative tumors (P=0.13) (Table VIII) . Five-year data were available for 60 of the 88 cases included in this study. Among that cohort, the 5-year overall survival rate was 60.0%. g The percentages and P-value are expressed for cases whose 5-year data were available.
year data were available for 3 of the 4 MSI-H cases and all of these cases survived for >5 years. This finding is consistent with a previous study that among HNPCC patients, a group in which most tumors exhibit MSI-H, the crude 5-year cumulative survival is better than that of patients with sporadic CRC (29) . Analysis of the data related to postoperative survival showed no significant difference between EMAST-positive (n=44) and -negative (n=28) groups (P=0.74 by the log-rank test; Fig. 2A ). EMAST associated with LOH forecasts a poorer prognosis, but the survival curves showed similar prognoses. When the EMAST-positive subgroups, at ≥2 loci (n=17) and at 1 locus (n=27), were compared, there was no significant difference (P=0.68) and there was a tendency toward a better prognosis for the former group (Fig. 2B) .
EMAST and CRC. What is the biological or pathological significance of EMAST for CRC carcinogenesis? Our previous study demonstrated that down-regulation of MSH3 causes EMAST and low levels of MSI at loci containing (CA) n repeats in tissue cultured cell lines. Furthermore, EMAST and MSI-L CRC tissues associated with EMAST exhibit down-regulation of MSH3. These results strongly support the idea that EMAST and MSI-L associated with EMAST are caused by downregulation of MSH3. In fact, 21 EMAST tumors examined in this study were found to contain a larger percentage of MSH3-negative cells (20-50% of the total population) when compared with 6 non-EMAST tumors containing MSH3-negative cells (2-13% of the total population) (13) . One of the expected consequences of MSH3-deficiency is mutation of genes containing tetranucleotide repeats at coding or regulatory regions. However, a study by Kloor et al showed that genes with tetranucleotide repeats are rare in the human genome and found no evidence of mutations in such genes in EMASTpositive bladder cancers (30) . As shown here, MSI at the D7S1794 containing an (AAG) n repeat was found in ~15% of our CRC samples. Furthermore, most tumors (77.8%) with MSI at the D7S1794 were EMAST tumors. These results suggest that loss of MSH3 may not only cause EMAST but also cause MSI at loci with trinucleotide repeats. To support this hypothesis, instability in AAT repeats has been associated with MSH3-deficiency in a sub-group of ovarian cancers (28) . High levels of instability have been found in CAG repeats at the AR locus (31) and the RIS1 locus (32) in MSI-L tumors.
Because genes with trinucleotide repeats are abundant in the human genome, these results suggest that certain genes with triplet repeats could be mutational targets of MSH3-deficiency and their mutations might contribute to CRC carcinogenesis. To test this hypothesis, the MSI status at loci containing trinucleotide repeats in CRC tissues is under investigation in our laboratory. Our preliminary data using tissue cultured cell lines indicated that MSH3-negative cells (EMASTpositive) are more sensitive to cisplatin when compared with MSH3-positive (EMAST-negative) cells (13) . Because the present study showed that a majority of non-MSI-H CRC located at the proximal colon and about a half of those located at the distal colon are EMAST-positive tumors (Table VIII) , these tumors might respond well to cisplatinbased therapy. We also identified some characteristics of EMAST-negative tumors. Those EMAST-negative tumors predominantly locate at the distal portion of colon and exhibit less degree of LOH compared with EMAST-positive tumors. These tumors might be more resistant to cisplatinbased therapy than EMAST-positive tumors. Further study is necessary to test this possibility. Another important finding in this study is that LOH and EMAST seem to co-exist. Because EMAST has been proven to be caused by downregulation of MSH3 (13), it would be interesting to determine whether loss or down-regulation of MSH3 also contribute to abnormal recombination (33) which may result in LOH. In summary, taking this study together with our previous study, we have demonstrated that ~60% of sporadic CRCs in both the Japanese and the US samples examined exhibited EMAST.
